coffee and depression were assessed using a questionnaire. Multiple logistic regression analysis was used to compute odds ratios (ORs) and 95% confidence intervals (CIs) for depression. RESULTS: The lifetime prevalence of self-reported depression was 14.0% and that of self-reported clinical depression was 3.7%. After adjustment for potential confounders, the adjusted ORs for self-reported depression across coffee consumption categories were 1.00 (reference) for less than one cup/week, 0.84 (95% CI: 0.66, 1.07) for one to six cups/week, 0.63 (95% CI: 0.51, 0.79) for one cup/day, 0.69 (95% CI: 0.54, 0.88) for two cups/day and 0.58 (95% CI: 0.44, 0.76) for three or more cups/day (P for trend, o0.01). A similar association was observed for self-reported clinical depression, for which the multiple-adjusted ORs were 1.00 (reference) for less than one cup/week, 0.61 (95% CI: 0.40, 0.92) for one to six cups/week, 0.51 (95% CI: 0.34, 0.74) for one cup/day, 0.57 (95% CI: 0.39, 0.84) for two cups/day and 0.41 (95% CI: 0.24, 0.70) for three or more cups/day, respectively (P for trend, o 0.01). CONCLUSIONS: These findings support a possible protective effect of coffee on the risk of depression.
INTRODUCTION
There is substantial interest in the health effects of coffee because it is the leading worldwide beverage after water. 1 Korea is currently the 11th largest coffee consumer in the world and the consumption rate has sharply increased in recent years. 2 It is estimated that 90% of Korean adults consumed 0.89 cups of coffee daily in 2012. 3 A number of investigators have associated coffee consumption with potential health benefits. The results of epidemiological research suggest that coffee consumption is inversely associated with the risk of Parkinson's disease, Alzheimer's disease and suicide. 1, 4 Depression was one of the leading causes of global disease burden in the year 2010. 5, 6 Accumulating epidemiological evidence supports the role of dietary factors in depression. 7 Existing literature on the connection between depression and the intake of coffee is scarce, and studies have yielded inconsistent results. [8] [9] [10] [11] [12] There has been no study examining the association between coffee intake and depression in Korea.
We investigated whether coffee consumption was associated with the prevalence of depression among South Korean adults who participated in the fifth Korean National Health and Nutrition Examination Survey (KNHANES V).
MATERIALS AND METHODS

Study population
The present study used the data subset of the KNHANES V of 2010-2011. The KNHANES collected representative data on the health and nutritional status of the civilian, noninstitutionalized Korean general population. A stratified multistage clustered probability design was used to select representative samples of noninstitutionalized Korean civilians for the KNHANES. 13 The survey data were publicly available. In total, 21 527 individuals (10 938 in 2010 and 10 589 in 2011) responded to the KNHANES V, but 17 476 individuals (81.9% in 2010 and 80.4% in 2011) participated in the health interviews, health examinations and dietary interviews. Study participants were limited to at least 20 years of age (n = 13 165). After excluding those who had missing values for study variables (n = 2988), the final sample for the present study was composed of 10 177 individuals (5111 in 2010 and 5066 in 2011). The study was approved by the Korea Centers for Disease Control and Prevention Institutional Review Board. Written informed consent was obtained from all study participants.
Assessment of depression
Depression was assessed using the following two questions: (1) over your lifetime, have you ever had depression? and (2) have you ever been diagnosed with depression by a physician? Possible answers to the questions were 'yes' or 'no.' If participants answered 'yes' to the second question, they were also asked to report the age of their first diagnosis of clinical depression. On the basis of these questions, we defined two outcome measures for depression: (1) self-reported depression and (2) selfreported clinical depression. In addition, suicidal ideation was assessed using the following question: 'in the past year, have you ever thought about committing suicide?'
Assessment of dietary intake
A food frequency questionnaire (FFQ) with 63 food items was used to collect the dietary information, including coffee consumption. 13 The FFQ frequencies were placed into 10 categories (do not eat, eat six to eleven times per year, eat one or two to three times per month, eat one, two to three or four to six times per week and eat one, two or three times per day). To examine the association between depression and dietary intake, 33 foods were selected based on previous studies: 7, 8, [14] [15] [16] [17] [18] [19] coffee, green tea, soft drink, Korean cabbage, radish, dried radish greens, bean sprouts, spinach, cucumber, red pepper, carrot, pumpkin, cabbage, mushroom, tomato, tangerine, persimmon, pear, watermelon, melon, strawberry, grapes, peach, apple, banana, citrus, mackerel, tuna, bean, tofu, soy milk, beef and pork. On the basis of the similarities in food nutrient profiles, we reclassified 30 food items into five groups: vegetable (Korean cabbage, radish, dried radish greens, bean sprouts, spinach, cucumber, red pepper, carrot, pumpkin, cabbage and mushroom), fruit (tomato, tangerine, persimmon, pear, watermelon, melon, strawberry, grapes, peach, apple, banana and citrus), blue-backed fish (mackerel and tuna), bean (bean, tofu and soy milk) and red meat (beef and pork). The reproducibility and validity of the FFQ have already been evaluated elsewhere. 20 
Assessment of other variables
Anthropometric measurements of the participants were conducted at local community health centers and clinics as a part of the health examination. The anthropometric variables (height and body weight) were recorded using a standard protocol. Body mass index was calculated as weight in kilograms divided by height in meters squared.
Sociodemographic, lifestyle behavior and comorbidity information were collected using a questionnaire. To adjust for known and putative risk factors for depression, smoking habits, alcohol consumption, physical activity, educational level, marital status, history of diseases and perceived stress level were elicited in the questionnaire based on previous studies. [8] [9] [10] [11] 21 People who reported having smoked fewer than 100 cigarettes in their lives were classified as never smokers, and the remainders were asked whether they were current or former smokers. Individuals who had 12 alcoholic drinks or more per year were considered drinkers. Level of physical activity was calculated using metabolic equivalent of task values (MET) based on self-reported frequency and duration of activities during the week. MET_hours per week was computed by multiplying the MET value of a particular activity (walking = 3.3 METs, moderate physical activity = 4.0 METs and vigorous physical activity = 8.0 METs) with hours spent in that particular activity. 22 Total weekly physical activity was calculated by summing MET_hours per week of walking, and moderate and vigorous activity. History of physical illness was evaluated on the basis of the responses (yes or no) to questions concerning the history of myocardial infarction, angina and stroke. Perceived stress level was classified into four categories (almost never, sometimes, fairly often and very often).
Statistical analyses
Data from the two surveys (KNHANES 2010 and 2011) were combined. The descriptive data were presented as the weighted means or percentages with standard errors. Participants were divided into five groups: those who consumed less than one cup/week, one to six cups/week, one cup/day, two cups/day and three or more cups/day. The differences in the variables among the coffee consumption categories were examined by analysis of variance for continuous variables or with a Χ 2 test for categorical variables.
We obtained the odds ratios (ORs) and 95% confidence intervals (CIs) using multiple logistic regression analysis. The referent coffee consumption category was less than one cup/week. The base model (model 1) was adjusted for age (year, continuous) and sex. The final multivariate model (model 2) included dietary variables (green tea consumption (almost never, less than one cup/day, one or more cups/day), soft drink consumption (almost never, less than one cup/day, one or more cups/day), vegetable consumption (less than one, one or more times/day), fruit consumption (less than one, one or more times/week), blue-backed fish consumption (less than one, one or more times/week), bean consumption (less than one, one or more times/week) and red meat consumption (less than one, one or more times/week)) and other covariates (body mass index ( o25.0, 25.0-29.9, ⩾ 30.0 kg/m 2 ), smoking status (never or former smoker, current smoker), alcohol consumption (non-drinker, drinker), physical activity (o10, 10-50, ⩾ 50 MET h/week), educational level (less than elementary school, middle school, high school, above college/university), marital status (married, unmarried), history of ischemic heart diseases (yes, no) and stroke (yes, no), and perceived stress level (lower, higher)) additionally.
Two-sided P-values of less than 0.05 were considered statistically significant. All statistical analyses were conducted using Statistical Package for the Social Sciences software version 18.0 (SPSS Inc, Chicago, IL, USA), which incorporated sample weights and adjusted the analyses for the survey's complex sample design. The survey sample weights were calculated taking into consideration the sampling rate, response rate and age/sex proportion of the reference population (2010 National Census Registry). 13 
RESULTS
Of the 10 177 participants who were aged between 20 and 97 years, 4108 (49.3 ± 0.5%) were male and 6069 (50.7 ± 0.5%) were female. The participants' mean age was 45.3 ± 0.3 years. Of the 10 177 individuals, 1599 had self-reported depression and 425 had self-reported clinical depression. For the participants with selfreported clinical depression, the mean age of first diagnosis was 42.4 ± 0.9 years (range from 11 to 85). The lifetime prevalence of self-reported depression was 14.0 ± 0.5% (7.2 ± 0.5% of men and 20.6 ± 0.7% of women) and for self-reported clinical depression, it was 3.7 ± 0.3% (1.7 ± 0.2% of men and 5.7 ± 0.4% of women).
Participants' coffee consumption is presented in Table 1 . Participants with higher consumption of coffee were more likely to be physically active and male. They were also more likely to be current smokers, alcohol drinkers and obese, to have higher educational levels and to be married. Those with higher coffee consumption tended to consume green tea, vegetable, bluebacked fish, bean and red meat more often.
The adjusted associations between the coffee consumption categories and self-reported depression or self-reported clinical depression are shown in Table 2 . The ORs for depression decreased across categories of coffee consumption. In the final multiple logistic models, the adjusted ORs for self-reported depression across coffee consumption categories were 1.00 (reference) for less than one cup/week, 0.84 (95% CI: 0.66, 1.07) for one to six cups/week, 0.63 (95% CI: 0.51, 0.79) for one cup/day, 0.69 (95% CI: 0.54, 0.88) for two cups/d and 0.58 (95% CI: 0.44, 0.76) for three or more cups/day (P for trend, o0.01). The adjusted ORs for self-reported clinical depression across coffee consumption categories were 1.00 (reference) for less than one cup/week, 0. 61 (95% CI: 0.40, 0.92) for one to six cups/week, 0.51 (95% CI: 0.34, 0.74) for one cup/day, 0.57 (95% CI: 0.39, 0.84) for two cups/day and 0.41 (95% CI: 0.24, 0.70) for three or more cups/ day (P for trend, o 0.01).
We observed similar relationships between coffee consumption and self-reported depression when men and women were separately analyzed. In model 2, the adjusted ORs (95% CI) for self-reported depression across coffee consumption categories were as follows: for men, the values were 1.00, 0.78 (95% CI: 0.44, 1.38), 0.47 (95% CI: 0.28, 0.78), 0.53 (95% CI: 0.32, 0.88) and 0.43 (95% CI: 0.25, 0.73; P for trend: 0.01). For women, the values were 1.00, 0.86 (95% CI: 0.67, 1.11), 0.70 (95% CI: 0.55, 0.90), 0.75 (95% CI: 0.59, 0.97) and 0.68 (95% CI: 0.50, 0.92; P for trend: 0.04).
There was no association between coffee consumption and suicidal ideation. The adjusted ORs for suicidal ideation across coffee consumption categories were 1.00 (reference) for less than one cup/week, 0.83 (95% CI: 0.65, 1.06) for one to six cups/week, 0.82 (95% CI: 0.65, 1.03) for one cup/day, 0.81 (95% CI: 0.64, 1.02) for two cups/day and 0.75 (95% CI: 0.58, 0.96) for three or more cups/day (P for trend, 0.20).
When we analyzed the relationship between the consumption of other caffeinated beverages and depression, a weak or null relationship was observed between the consumption of green tea or soft drink and the prevalence of depression. The multivariate ORs for self-reported depression based on the frequencies of green tea consumption were 1.00 (reference) for almost never, 0.84 (95% CI: 0.71, 1.00) for less than one cup/day and 0.77 (95% CI: 0.59, 1.00) for one or more cups/day (P for trend: 0.07), and those for soft drink were 1.00 (reference) for almost never, 0.94 (95% CI: 0.80, 1.10) for less than one cup/day and 0.92 (95% CI: 0.43, 1.94) for one or more cups/day (P for trend: 0.75). Similar results were observed for self-reported clinical depression.
DISCUSSION
In this large nationally representative cross-sectional study, the prevalence of depression decreased in a dose-dependent manner with increased coffee consumption. To our knowledge, this is the first study to examine the associations between coffee intake and depression among South Korean adults.
Our data corroborated recent observations (one cross-sectional and two cohort studies) suggesting that coffee consumption may protect against depression. [8] [9] [10] A Japanese cross-sectional 8 among the working population aged 20-68 years reported a 39% lower odds of depressive symptoms (Center for Epidemiologic Studies Depression Scale score ⩾ 16) in those who consumed two or more cups coffee/day compared with those who consumed less than one cup/day. In the current study among the Korean general population of the corresponding age (n = 8393), compared with participants who consumed less than one cup/day, those who consumed two or more cups/day had a 35% significantly lower odds of self-reported depression. A US cohort study 9 defined depression as self-reported physician-diagnosed depression and antidepressant use. In the present study, depression was assessed in a similar way. The cohort study reported a lower risk of depression among women who consumed higher amounts of caffeinated coffee (1.00 (reference) for one or less cup/week, relative risk = 0.85 (95% CI: 0.75, 0.95) for two to three cups/day). The subjects of the previous studies [8] [9] [10] were, however, limited by gender or whether participants worked.
In this study, green tea consumption had a weak association with depression. In Japanese cross-sectional studies, 8, 11 participants who drank four or more cups/day had a significantly reduced risk for depressive symptoms compared with participants who drank one or less cup green tea/d. Nearly 20% (18.1%) of participants in one 8 and 46.1% in another 11 drank four or more cups green tea/day. However, in our study, only 2.1% of participants drank three or more cups/day. Because a limited number of Koreans consume a large amount of green tea, we were unable to address a significant association between green tea consumption and depression. Strong inverse associations have been reported between coffee consumption and suicide in previous studies. [23] [24] [25] However, when we analyzed the relationship between coffee consumption and suicidal ideation, a null relationship was observed. The mechanisms behind the possible positive effects of coffee consumption on depression remain to be determined; however, there are possible biological explanations. Coffee is a complex mixture of chemicals that provides significant amounts of caffeine and chlorogenic acid. 5, 26 Caffeine, a nonspecific adenosine A1/ A2A receptor antagonist, produces psychostimulant effects through modulating dopaminergic transmission. 27, 28 Because we did not assess total caffeine intake, we could not determine exactly the positive effect of caffeine on depression. Chlorogenic acid has anti-inflammatory and antioxidant effects, 29, 30 and inflammation and oxidation may contribute to the pathophysiology of depression. [31] [32] [33] The major strengths of this study include its nationally representative large sample size, a high response rate (81.2%), the use of a validated dietary questionnaire and adjustment for known and putative risk factors for depression. However, this study also has a number of limitations. First, a cross-sectional study cannot prove that coffee reduces the risk of depression; it can only suggest the possibility of such a protective effect. Nevertheless, recent prospective studies have shown a decreased risk of depression among individuals with greater coffee consumption. 9,10 Second, depression was defined based on selfreported data. The lifetime prevalence of self-reported clinical depression (3.7%) in this population was, however, consistent with previous Korean studies (range from 3.3 to 5.6%) that assessed for depression using a validated questionnaire (Diagnostic Interview Schedule-III or Composite International Diagnostic Interview). 34 Third, we did not assess coffee and total caffeine intake quantitatively. For quantitative assessment, additional information would be necessary including cup size, strength of the coffee brew and whether the coffee was decaffeinated.
In conclusion, we found that increased coffee consumption was associated with a lower prevalence of depression among South Korean adults. These findings support a possible protective effect of coffee on risk of depression. Randomized controlled trials are required to clarify the causality.
